Abstract -Like in honey bees, the pollen collected and stored by stingless bees usually undergoes a fermentation process characterized by increase in moisture, lactic acid, and proliferation of microorganisms. We tested whether 2-day-old Scaptotrigona aff. depilis workers were more attracted to and consumed fermented pollen from old pollen pots (>7 days) or fresh pollen collected from the corbicula of foragers. In each bioassay, we offered both types of pollen to 40 inexperienced workers of one colony for 24 min, and repeated the procedure in ten different colonies. In all cases, there were more bees feeding on the fermented pollen, which was 2.2 times more consumed than the fresh pollen. Our results suggested that fermented pollen attracted more bees potentially due to innate preference of young bees, higher levels of attractant substances present in fermented pollen, or due to associative learning reminiscent from larvae feeding habits. To ensure a constant food supply and, consequently, increase the colony's chances of survival during events of resource scarcity, bees store pollen and nectar (carbohydrate source) in the nest (Roubik 1982; Maia-Silva et al. 2015) .
INTRODUCTION
Stingless bees (Apidae, Meliponini), like honey bees (Apidae, Apini), are a group of social bees with perennial colonies (Wilson 1971) . For colony growth and development, forager bees collect pollen as main protein source (Michener 1974) . To ensure a constant food supply and, consequently, increase the colony's chances of survival during events of resource scarcity, bees store pollen and nectar (carbohydrate source) in the nest (Roubik 1982; Maia-Silva et al. 2015) .
During pollen collection on flowers, foragers agglomerate pollen grains in their corbicula using nectar or salivary secretions. This process facilitates pollen adhesion to the corbicula (Herbert and Shimanuki 1978; Leonhardt et al. 2007 ). Vásquez and Olofsson (2009) observed bacteria from the honey stomach of honey bees in newly collected pollen as well as in pollen stored in the nest, which suggests that worker bees may inoculate microorganisms in the pollen during collection on flowers.
Inside the nest of honey bees and also in some stingless bees species, the stored pollen undergoes chemical and biological processes during storage that may change its chemical composition. The main biochemical reaction is fermentation into lactic acid in the stored pollen, which requires the presence of sugars for occurring (Testa et al. 1981 ; Vásquez and Olofsson 2009; Menezes et al. 2013 ).
Some microorganisms are present in the pollen collected and stored by honey bees Apis mellifera , especially bacteria of the genera Streptococcus , Bifidobacterium , and Lactobacillus (Pain and Maugenet 1966; Gilliam 1979; Vásquez and Olofsson 2009) and some yeasts, which increase their population during storage (Pain and Maugenet 1966) . Compared to honey bees, data on symbiotic microorganisms in colonies of stingless bees are scarce. There is evidence for the presence of microorganisms in pollen stored by stingless bees (Machado et al. 1971 ), but their influence or function is poorly understood (Menezes et al. 2013) .
Although fermentation is relatively common in colonies of social bees, it is poorly known why it occurs. It is still not clear whether fermentation increases the nutritional benefits of pollen for workers because studies are not completely conclusive (Herbert and Shimanuki 1978) and due to the lack of investigation on this issue. Some studies indicate that the nutritional quality of honey bee pollen might be increased by fermentation (Gilliam 1997) , therewith increasing longevity (Cremonez et al. 1998 ) and hemolymph protein levels (Herbert and Shimanuki 1978) of workers compared to bees feeding on fresh pollen. However, fermentation did not influence digestibility of pollen grains and hypopharyngeal gland development in honey bees (Herbert and Shimanuki 1978) and stingless bees (Fernandes-da-Silva and Serrao 2000) . Additionally, no difference was found in nutritional composition of both types of honey bee pollen (Herbert and Shimanuki 1978) . A second possibility is that the fermentation might prevent pollen decay, since the primary function of pollen storage, most likely, is the availability of this resource inside the colony in times of food scarcity in the field (Herbert and Shimanuki 1978; Fernandes-da-Silva and Serrao 2000; Anderson et al. 2011; Anderson et al. 2014) . In this case it worth considering that fermentation could cause no advantage for bee health, or even carry some costs, which could be overcome by food availability throughout scarcity periods.
Newly emerged workers feed on pollen relatively early in their lives (Michener 1974; Sakagami 1982) , a behavior that is likely linked to hypopharingeal glands development (CruzLandim et al. 2000) . These glands are involved in the production of larval food (Sakagami 1982) . Workers feed on pollen directly from the pots, which they have to find inside the dark nests probably based on olfactory cues. The attractiveness to a specific food source can reflect learning and/or innate preferences specially linked to olfactory signals (Waldbauer and Friedman 1991) . Fresh pollen, recently collected by foraging bees on flowers, has a slight sweetish odor and flavor. Nevertheless, the fermentation process modifies considerably the odor, flavor, color, and texture of stored pollen (Menezes et al. 2013) . Some stingless bees, such as Melipona and Scaptotrigona species, store moist and sour pollen (Menezes et al. 2013 ). Due to presence of higher levels of odor on stored pollen from fermented process, we asked whether the newly emerged workers could recognize these odors, causing a differential attraction to each type of pollen (fresh and fermented). In this study we used stingless bee specie, Scaptotrigona aff. depilis , as our model to investigate the attractiveness of newly emerged workers to the fermented versus non-fermented pollen.
MATERIAL AND METHODS

Study site and model species
The present study was conducted at the campus of the University of São Paulo at Ribeirão Preto, Brazil. We chose S. aff. depilis Moure 1942 (Apidae, Meliponini) as study model, which stores pollen in oval pollen pots of approximately 2 to 3 cm in height made of wax and resin. The selection of this species was based on our previous knowledge on pollen fermentation inside their nests (Menezes et al. 2013 ).
Experimental setup
For the experiments, we collected worker bees from the oldest brood combs of S. aff. depilis colonies (10 colonies). We used tweezers to open the oldest cells containing individual bees close to emergence and waited for 2 h until the adults emerged by themselves. The worker bees remained in Petri dishes for 2 days until the start of the experiment. During this period, the Scaptotrigona aff. depilis prefer stored pollen to fresh pollen bees were fed only with energetic food (sugar water solution of 1:1 in mass).
For preparing the diet composed of non-fermented, fresh pollen (NFe ), we collected fresh pollen from the corbicula of foragers. Fermented pollen (Fe ) was taken from a closed pollen pot inside the colony. The pollen could be recognized as already fermented owing to its pasty aspect and acid odor, respectively. The pollen takes over 1 week to obtain this aspect (Menezes et al. 2013) . We collected both diets from the same colonies as the newly emerged worker bees.
To assess whether worker bees prefer fermented pollen (Fe ) or non-fermented pollen (NFe ), we performed bioassays (10 repetitions; each repetition with bees from a different colony), in which we offered approximately 2000 mg of each diet placed in small transparent plastic Petri dishes (3 cm diameter × 0.7 height) during 24 min to 40 newly emerged worker bees (2 days old). The bioassays were performed within cleaned Petri dishes (15 cm diameter × 2 cm height). The fresh pollen was offered without any processing, remaining as pollen pellets which commonly crushed and turned into powder (we observed bees feeding on both types), and the fermented pollen was offered as a small pile, since it is pasty. We counted the number of worker bees feeding on fermented pollen and nonfermented pollen in the first minute, the third minute and, thereafter, at 3 min intervals, totalizing nine counts per colony. We weighted both diets before and after the bioassays in order to determine the total amount of pollen consumed from each diet type.
Statistical analysis
The potential effect of diets (Fe and NFe ) on the choice of work bees was evaluated using Two-Way Repeated Measures ANOVA (Tukey test for post-hoc pairwise comparisons). We analyzed whether diet type (factor 1, Diet: Fe and NFe ), time (factor 2, Time: 1 to 24 min), or the interaction between both (Diet × Time) accounted for potential variations in the distribution of worker bees between diets. To approach normality, data were transformed using a logarithmic transformation X ′ = log (X + 1) (Zar 1999) . The total amount of pollen consumed from each diet type (Fe , NFe ) was compared using a Paired t test. Statistical tests were performed using the software SigmaPlot for Windows 12.5 (Systat Software Inc., USA). The significance level was α = 0.05. Throughout the text and in the figures, data are presented as arithmetical mean ± 1st standard deviation.
RESULTS
Young S . aff. depilis workers showed a significant preference for fermented pollen (Fe ) over non-fermented pollen (NFe ) (Figure 1) . The food choice of the bees was significantly influenced by the diet type (Two-Way Repeated Measures ANOVA: factor 1, Diet: F = 25.0, P < 0.001, df = 1). In the first minute, the number of bees feeding on both diets was low, but increased over time. Due this fact, we found a significant difference in the number of bees feeding on Fe or on NFe between the first minute, and the ninth, and twelfth minute, respectively (Two-Way Repeated Measures ANOVA: factor 2, Time, F = 2.9, P = 0.007, df = 8; Tukey Test: min 1 vs. min 9: P = 0.002; min 1 vs. min 12: P = 0.019). We found no significant influence concerning the interaction of both factors (Two-Way Repeated Measures ANOVA: Diet × Time, F = 1.3, P = 0.249, df = 8) (Figure 1 ). The total amount of diet consumed was significantly higher for fermented pollen (22.7 ± 11.0 mg) than for nonfermented pollen (8.9 ± 7.4 mg) (Paired t test: t = 3.13, P = 0.012) (Figure 2a) . 
DISCUSSION
Our results show that young bees of S. aff. depilis are significantly more attracted to fermented pollen than to fresh pollen (Figure 2b ). The reasons for this preference include the possibility of (i) innate preferences of young bees to fermented pollen; (ii) the presence of higher levels of attractant substances in fermented pollen; and (iii) associative learning of larvae during their development due to constant exposition to fermented pollen in the larval food.
If fermentation would bring any benefit to the fitness of the workers that feed on fermented pollen or to the colony, then it is expected that natural selection would drive workers' preference towards fermented pollen. Fernandes-da-Silva and Serrão (2000) found no differences in pollen digestibility and hypopharingeal gland size when comparing the effect of fresh and stored pollen given to newly emerged worker of Scaptotrigona postica . Even without direct evidence of benefits from feeding on fermented pollen, the possibility of other effects on bees' health, which were not investigated so far, should be considered. Several other aspects of development, such as longevity, larval development, or increase in immunological defense of worker bees, may be affected by feeding on fermented pollen. Some microorganisms and their secondary metabolites can improve bee health by acting against infectious microorganisms (Herbert and Shimanuki 1978; Gilliam 1997) . Pettis et al. (2013) found that worker honey bees are more infected by the gut pathogen Nosema ceranae when feeding on pollen with high fungicide loads. Their results indicate that the fungicide affects microorganisms present in stored pollen and/or in honey bee workers' gut, consequently affecting their health. Similarly, Menezes et al. (2015) suggested that the fungus Monascus sp., which grows inside brood cells of S. aff. depilis , could be important for larval health. However, hard evidence for this assumption is still missing.
The workers' preference for fermented pollen could also be related the presence of other attractive substances, such as glucose. During pollen collection at flowers, foragers add nectar (sugars) to the pollen to increase adhesion of the pollen load to the corbicula (Herbert and Shimanuki 1978; Leonhardt et al. 2007 ). Moreover, fermented stored pollen could present higher sugar levels due to possible addition of nectar or honey prior to storage. This could make the fermented pollen odor more attractive to young bees. However, the newly emerged bees were fed ad libtum with sugar syrup before the experiment (see Methods section) and were supposedly looking for pollen sources during the experiment.
Fermentation could be neutral in terms direct advantages to workers, neither increasing nor decreasing pollen quality (or at least changes in different aspects could be equally costly or beneficial). In Figure 2 . Ingestion of fermented (Fe ) and non-fermented pollen (NFe ). a The total amount of pollen consumed from each diet type (Fe and NFe ). In the boxplots, the central line represents the median, the boxes represent the quartiles, the whiskers represent the 80 % range, and the dots represent outliers. Asterisks indicate a statistically significant difference between groups. b Worker bees feeding on fermented (Fe ) and non-fermented pollen (NFe ).
this case, fermentation could still help in the preservation of pollen, a hypothesis that has already been suggested by many authors and received great support from recent studies on honey bees (Herbert and Shimanuki 1978; Fernandes-da-Silva and Serrao 2000; Anderson et al. 2011; Anderson et al. 2014) . In this case, it is not expected that workers would be more attracted to fermented pollen, since there would be no benefits on feeding on fermented pollen. However, chemical substances present in fermented pollen only could be used as cues to find the pollen inside the colony, and during the presented bioassay could have attracted the starving young bees directly to the fermented pollen, possibly masking the odor of fresh pollen source.
Some species of stingless bees, e.g., Ptilotrigona lurida (Camargo et al. 1992) , Tetragonisca angustula , and Frieseomellita varia (Menezes et al. 2013 ; personal observation), apparently do not ferment their pollen. The absence of pollen fermentation in those stingless bees suggests that fermentation could be linked to pollen preservation, as species that do not ferment their pollen frequently store dehydrated pollen (Camargo et al. 1992) . Dehydration is related to conservation, as microorganisms need water to develop (Menezes et al. 2013) . Therefore, there might be a selective pressure for the conservation of pollen in perennial colonies. Pollen availability is seasonal in many tropical and subtropical areas (Aleixo et al. 2014) , so long-term pollen storage could be advantageous. Moreover, this process is even more important in regions with severe scarcity of pollen during some periods of the year (Maia-Silva et al. 2015) . Several studies provide evidence for the preservative properties of fermentation, including its use in the industry, such as in food preservation (Gilliam 1997) .
The elevated attraction to fermented pollen in S. aff. depilis could also be due to the formation of the olfactory neural system during larval stages, since young larvae are constantly exposed to fermented pollen during their feeding stages. In contrast to the progressively feeding honey bees, in stingless bees the larval food is massively provided by workers which also seal off the cells after queen egg laying. Inside these brood cells, larvae have all necessary food to develop into adult bees (Michener 1974) . Consequently, the larvae are submitted to fermented pollen throughout their entire development. This constant contact with fermented pollen in stingless bees might influence the formation of specific neural networks due to the synaptic plasticity already observed in brain centers of the honey bees olfactory system during their development (Oleskevich et al. 1997) . In honey bees, there is evidence that exposure to odors during larval stages might affect adult physiology and behavior. Ramírez et al. (2016) showed that larvae reared in colonies fed with 1-hexanol had differential proboscis extension response and neural plasticity as young adults. However, honey bee workers are not able to learn floral scents during pupal stages (Sandoz et al. 2000) . This suggests that the influence of odor substances during preimaginal stages might be linked to an intimate contact with such substances, like feeding on it. Indeed, several adult holometabolous insects shows a strong preference for oviposit on plants at which they fed during their larval stages (Blackiston et al. 2008; Anderson et al. 2013; Prager et al. 2014) , showing that there is associative learning during larval stages.
The modulation of the olfactory neural system has already been investigated in a stingless bee species of the same genus, Scaptotrigona pectoralis . Foragers submitted to scents present in floral fragrances inside their hives showed higher preferences for feeding on artificial feeders which also had the fragrances nearby (Reichle et al. 2010) . Similar results were found in another social bee species, such as honey bees (Gil and De Marco 2005; Grüter et al. 2006; Farina et al. 2007) and Bombus terrestris (Molet et al. 2009 ). Associative learning in stingless bees is poorly investigated, especially regarding the effect of the larvae stimuli during their development. Rearing larvae in larval food containing different scents could provide the condition for testing this effect. Therefore, assuring the link between larval diet and food preferences still remains to be tested. One possibility to test this assumption would be to restrict the diet of nurse workers that feed on larvae with either fermented or fresh pollen. The pollen preference of newly emerged workers resulting from such feeding differences could be then tested using similar methods described here.
Our results show that newly emerged workers of S. aff. depilis prefer fermented over fresh pollen. In a similar experiment, Anderson et al. (2014) observed that worker honey bees (A. mellifera ) prefer to consume fresh (<72 h) than stored (>96 h) pollen. The authors suggested that the preference of worker honey bees for fresh pollen could be explained by a selective pressure related to a quick turnover of the nutrients most readily available in fresh pollen into living tissue reservoirs, like fat bodies. These nutrients would be better protected against microbial digestion, could be easily shared among colony members, and easier to digest than stored pollen. Differences in selective pressures to which both species are submitted, such as seasonality and microbial fauna, could be responsible for explaining the differences observed in our results. Our findings provide important information for stingless bees beekeeping, suggesting the necessity of fermenting artificial diets substitutes of pollen to increase its attractiveness.
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